Objective: Due to the challenges inherent in performing clinical trials in children, a systematic review of published clinical trials was performed to determine whether the efficacy of antiepileptic drugs (AEDs) in adults can be used to predict the efficacy of AEDs in the pediatric population.
Given the many challenges inherent in conducting clinical trials in children, drugs are often approved for adult use before pediatric development is completed. Consequently, children are often treated with off-label or unlicensed products for which efficacy, safety, and pharmacokinetics have not been established. 1 Though certain types of seizures and epilepsy syndromes are specific to the pediatric population (such as infantile spasms) and thus require clinical study in age-appropriate groups, other seizure types (including partial and generalized) are common in both adults and children, and the antiepileptic drugs (AEDs) used to treat them may have similar effects. Therefore, extrapolation of efficacy data from adult AED clinical trials has been proposed as a predictive tool for assessing efficacy in children and has been suggested as an alternative to randomized, double-blind, placebo-controlled phase III trials in children. 2, 3 The analysis reported below evaluates the evidence for extrapolation of efficacy data from comparable adult AED clinical trials for pediatric use.
METHODS Search strategy, selection criteria, and data abstraction. This study was initiated in response to a regulatory request from the Pediatric Committee of the European Medicines Agency (EMA) as part of regulatory guidance in the pediatric approval process for brivaracetam, an AED being developed by UCB Pharma. Electronic searches of Medline/PubMed, EMBASE, and the Cochrane library were conducted for AED efficacy trials in the treatment of partial-onset seizures (POS) and primary generalized tonic-clonic seizures (PGTCS) in adults and children with idiopathic generalized epilepsy.
Search algorithms were tested and refined in order to establish predefined search criteria to yield a focused but comprehensive baseline of relevant articles. Separate searches and algorithms were performed for the Ͻ2-year age group and the 2-to 18-year age group due to such factors as age-related epilepsy syndromes and differences in trial design. Medline, EMBASE, and Cochrane library searches were conducted for publication dates through February 2010 using predefined criteria (appendix e-1 on the Neurology ® Web site at www.neurology.org). Duplicate titles occurred as a result of searches of more than one database and due to slight differences in the entries of titles or authors in the different databases searched. These initial searches identified 4,893 titles. Duplicate titles were removed, yielding 3,280 (1,615 ϩ 1,665) articles for screening. Two independent epidemiologists (W.C. and V.T.) sequentially screened these articles by title, key words, and abstract content. Full text was obtained if the trial met the following criteria: 1) interventional clinical trial of AEDs; 2) conducted after 1980, with the exception of controlled trials of carbamazepine and valproate since these AEDs were developed prior to 1980; 3) age of participants 2-70 or 0 -2 years; 4) POS and PGTCS or terms that mapped to these seizure types; and 5) sample size Ն50 in trials examining participants age 2-70. None of the foreign language articles met all inclusion criteria to require full translation. Citations for conference proceedings and references with fewer than 3 pages and no abstract available were excluded. Full articles were then evaluated by W.C. and V.T. and included or excluded from the systematic review using a checklist developed from 3 standard evaluation tools: the CONSORT statement, 4 Jadad criteria (a score ranging from 0 to 5 used to assess the methodologic quality of a clinical trial), 5 and assessment criteria for evaluating the quality of clinical trial methodology and clinical relevance. 6 Two pediatric neurologists (J.P. and O.D.) reviewed articles and confirmed the exclusions identified by the epidemiologist reviewers.
In the 2-to 70-year age group, trials that were randomized, double-blind, and placebo-controlled were included in the analysis. As there are few such trials published in the literature in children Ͻ2 years of age, double-blind trials without placebo control for this age group were included in the analysis if dosage comparisons among medications could be made. Additionally, a minimum number of trial participants was not required in this age group for analysis. Trials of eslicarbazepine and lacosamide were excluded since there are no published data in children with which to compare the efficacy in adults. Drug withdrawal trials in which withdrawal was to "no therapy" were also excluded from the analysis.
In the adult and 2-to 18-year age groups, initial searches yielded 2,515 titles (figure 1). After applying the inclusion and exclusion criteria, a total of 73 published trials were eligible for quantitative analysis, though only 30 were used since the remaining 43 were trials in adults for which no comparable trials in children were available. Quantitative analyses were conducted for adjunctive therapy trials in POS only as there were too few published trials for monotherapy in POS or for any therapy in PGTCS. The average Jadad score for the 30 trials used in the quantitative analysis was 3.5, with no score lower than 2 (Jadad Quality Score ranges from 0 to 5, with 0 -2 considered low and 3-5 considered high). In the Ͻ2-year age group, the initial searches yielded 2,378 titles that, upon application of the inclusion and exclusion criteria, resulted in review of 196 full-length articles and 38 abstracts (figure e-1). Only 3 trials were randomized, double-blind, and placebo-controlled. A quantitative analysis was not performed for the trials in children Ͻ2 years since there were too few trials that met the predefined criteria for analysis.
Effect measures, quantitative analysis, and statistical methods. The most commonly reported efficacy measures in the trials selected for analysis were 1) median percent reduction in seizure frequency from baseline and 2) percentage of patients who experienced a Ն50% reduction in seizure frequency from baseline (Ն50% responder rate). These measures were abstracted for patients who received adjunctive drug treatment and for those who received placebo.
Based on the 2 abstracted efficacy measures, placebosubtracted effect measures were calculated for each trial as the difference in group efficacy measure between drug-treated patients and placebo-treated patients. Standard errors were estimated for each trial and 95% confidence intervals (CIs) for the effect measures were calculated. Statistical analyses were performed and forest plots were constructed with a statistical analysis package for research synthesis (Comprehensive Meta Analysis version 2).
RESULTS Age 2-18 years and comparable adult trials.
Characteristics of the 30 trials eligible for quantitative analysis in the 2-to 18-year age group are shown in the table, with the references identified in appendix e-2. All trials were for the treatment of POS (5 gabapentin, 6 lamotrigine, 10 levetiracetam, 2 oxcarbazepine, and 7 topiramate), with 6 trials conducted in children and 24 comparable clinical trials conducted in adults.
Adjunctive therapy for POS. The placebo-subtracted effect measures based on median percent seizure reduction in trials conducted in children were comparable to those in adults for adjunctive POS therapy with gabapentin, lamotrigine, levetiracetam, oxcarbazepine, and topiramate. Forest plots were created for these 5 drugs from 6 clinical trials and 6 treatment groups in children and from 24 clinical trials and 46 treatment groups in adults (figure 2). These effect measures ranged from 10.5% to 31.2% in children and from 7.0% to 58.6% in adults and were significantly greater than zero for 6 of 6 treatment groups in children and for 40 of 46 in adults. Though the CIs for 6 treatment groups in adults were outside the range of "favors treatment," the mean differences between baseline and treatment period for each regimen were within the range. Overall, the effect measures based on median percent seizure reduction were consistent from trial to trial and were comparable between adult and pediatric studies for all 5 AEDs, as indicated by the overlapping CIs.
The placebo-subtracted effect measures based on the Ն50% responder rate in trials conducted in children were comparable to those in adults for adjunctive POS therapy with gabapentin, lamotrigine, levetiracetam, oxcarbazepine, and topiramate. Forest plots were created for these 5 drugs from 6 clinical trials and 8 regimens in children and from 22 clinical trials and 43 regimens in adults (figure 3). Effect measures ranging from 3.0% to 26.0% in children and from 2.0% to 43.0% in adults were significantly greater than zero for 5 of 8 regimens and for 37 of 43 regimens, respectively, indicating that they were reasonably consistent from trial to trial and were comparable between adult and pediatric studies for all 5 AEDs. For the nonsignificant treatment groups, mean differences in Ն50% responder rates between baseline and treatment period in both children and adults were within the range of "favors treatment," but the CIs reached beyond that margin.
POS monotherapy and PGTCS adjunctive or monotherapy.
Only 1 of 3 randomized, double-blind, dose-controlled monotherapy trials in POS that contained pediatric participants met inclusion criteria and provided data that could be separated by age groups, 7 and a single trial of PGTCS with data from adults and children was eligible for review. 8 Due to the paucity of eligible trials, a quantitative analysis for monotherapy trials in POS or for any therapy in PGTCS could not be performed.
Age <2 years. Only 3 trials of the 1,615 unique titles identified in the initial searches for the Ͻ2-year age group met inclusion criteria (figure e-1). One trial conducted with levetiracetam 9 showed positive re- DISCUSSION It is commonly accepted that all medication, whether provided to pediatric patients or adults, should be appropriately and extensively evaluated. Ideally, a large-scale, well-controlled, longer-term randomized phase III clinical trial would provide the best supportive evidence for the efficacy, Abbreviations: inf ITT ϭ inferential intention-to-treat; ITT ϭ intention-to-treat; mITT ϭ modified intention-to-treat; PG ϭ parallel group; POS ϭ partial-onset seizure; PP ϭ per protocol; XO ϭ crossover. a All studies were required to be randomized, double-blind, and placebo-controlled. b Per protocol. c Jadad Quality Score range: 1 ϭ lowest, 5 ϭ highest.
Figure 2 Efficacy comparison of differences in median % seizure reduction between baseline and treatment periods by drug for children and adults
A single row in the forest plot represents 1 trial or 1 trial regimen. In these plots, each effect measure is bounded by a confidence interval (CI). The null hypothesis for these analyses-that there would be no difference between drug-treated patients and those who received placebo-would yield a value of zero for each effect measure, indicated by the center line of the plot. An effect measure to the right of center favors drug treatment, while an effect measure to the left of center favors placebo. The CIs indicate the precision of that effect measure estimate. If the interval includes zero, this indicates that the p value was Ͼ0.05. inf ITT ϭ inferential intention-to-treat; ITT ϭ intention-to-treat; mITT ϭ modified intention-to-treat; PP ϭ per protocol.
Figure 3
Efficacy comparison of differences in >50% reduction in seizure frequency between baseline and treatment periods by drug for children and adults A single row in the forest plot represents 1 trial or 1 trial regimen. In these plots, each effect measure is bounded by a confidence interval (CI). The null hypothesis for these analyses-that there would be no difference between drug-treated patients and those who received placebo-would yield a value of zero for each effect measure, indicated by the center line of the plot. An effect measure to the right of center favors drug treatment, while an effect measure to the left of center favors placebo. The CIs indicate the precision of that effect measure estimate. If the interval includes zero, this indicates that the p value was Ͼ0.05. inf ITT ϭ inferential intention-to-treat; ITT ϭ intention-to-treat; mITT ϭ modified intention-to-treat; PP ϭ per protocol.
safety, and pharmacokinetic profile of a particular therapeutic agent for the pediatric population; however, conducting clinical trials in children can be clinically, operationally, and ethically challenging (e.g., difficulties in subject recruitment, obtaining informed consent, biological sampling, ethical concerns), and should be avoided particularly when the disease or disorder is comparable to the adult condition. 3 An alternative to performing controlled efficacy trials in children is to predict efficacy based on well-controlled trials in adults, and determine dose range, tolerability, and safety in children by conducting appropriate pharmacokinetic and safety studies only in children.
Recognizing the need for alternatives to placebocontrolled trials in children, both the US Food and Drug Administration (FDA) and the EMA have explored methods to authorize the use of new medicines through data extrapolation from adult clinical trials. In 1994, the FDA published a final rule in the Federal Register regarding the "Pediatric Use" subsection of the labeling for human prescription drugs. 12 Under this rule, the FDA "may approve a drug for pediatric use based on adequate and wellcontrolled studies in adults, with other information supporting pediatric use. In such cases, the agency will have concluded that the course of the disease and effects of the drug are sufficiently similar in adults and the pediatric population to permit extrapolation from the adult efficacy data to pediatric patients." 12 In 2006, the European Parliament and the Council for the European Union introduced new legislation governing the development and authorization of medicines for use in children (age 0 -17 years) that allows extrapolation of data from comparable adult clinical trials. 13 Such methods have been endorsed by the International Committee on Harmonization. According to International Committee on Harmonization E11, "when a medicinal product is to be used in the pediatric population for the same indication(s) as those studied and approved in adults, the disease process is similar in adults and pediatric patients, and the outcome of therapy is likely to be comparable, extrapolation from adult efficacy data may be appropriate." 2 Extrapolation of efficacy data from adults to the pediatric population for AEDs in particular has been supported by the NIH. In a 1996 consensus statement, the NIH included the recommendation for data extrapolation from adults to children for use in partial seizures provided that safety and pharmacokinetic considerations are appropriate.
14 Furthermore, the conclusions from an EMA-sponsored Pediatric Epilepsy Group Experts Meeting in 2009 15 stated that "there was general agreement that results of studies for POS in adults could be extrapolated down to the age of about 4 years." Subcommittees of the American Academy of Neurology and the American Epilepsy Society 16 have also supported this approach for adjunctive therapy in children older than 2 years with refractory partial seizures. Finally, in a recent review of AED development in children, 3 no difference was observed in the results from large randomized clinical trials in adults and children that used the common and sensitive primary efficacy parameter of percentage of seizure decrease vs baseline. The authors concluded that "For focal epilepsy, it therefore seems logical to extrapolate efficacy data from adults to children aged 2 years and above," but noted that trials in infants and trials for epileptic encephalopathies are required and that safety trials are required for all pediatric age groups. 3 This review was conducted in response to a regulatory request for a particular AED (brivaracetam). The results of the review, however, suggest a more universal application to pediatric drug development. Despite the fact that the number of pediatric trials in this systematic review is small, the findings presented here are based on well-controlled and well-conducted trials in which efficacy outcomes were observed to be similar for all AEDs included in the analysis. Though some data are available for gabapentin suggesting that values for responder rates and median percent seizure reduction are lower in children than in adults, these data are available only in the product label and not in the published literature, thus they were not included in this analysis. This situation brings to light the possible inherent limitations of this analysis, including 1) differences in clinical trial methodology and reporting of results, 2) varying populations between adult and pediatric trials (e.g., possibility of presence of benign epilepsies of childhood in pediatric studies with no appropriate adult comparison), 3) differences in analysis subsets (intention-to-treat, modified intention-to-treat), and 4) differing dosage and length of treatment periods reported. Due to such differences between the adult and pediatric studies of this systematic review of published trial data, there is a possibility that in clinical practice the AEDs included in the analysis could possibly be less effective in children than in adults; however, within the confines of the recognized limitations, the results presented here are robust and consistent and provide evidence for a possible alternative approach to conducting controlled trials in children with POS in order to establish AED efficacy.
This analysis supports the extrapolation of efficacy from adult AED clinical trials in POS to predict efficacy in children 2-18 years of age with POS, excluding epilepsies known to only occur in children (i.e., benign epilepsies of childhood). This evidence-based review, which represents a collaborative approach between regulators, industry, and academia, may be helpful in expediting drug development for children with epilepsy.
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